This study was conducted to enumerate the post harvest bacterial load in the gut of captured and cultured Ompok pabda by spread plate method using different selective culture media. The bateriological parameters, such as total viable bacterial counts (TVBC), total coliform counts (TCC), total fecal coliform counts (E. coli), pathogenic bacteria Salmonella spp, Shigella spp. and Vibrio cholerae were determined. Highest bacterial load was found in the month of July and lowest in January. The quantitative and qualitative aspects of gut microbes showed that TVBC of captured O. pabda were found 9.2 × 10 6 , 7.0 × 10 7 , 9.5 × 10 6 cfu/g and that of cultured fish were 1.56 × 10 7 , 7.2 × 10 7 and 2.24 × 10 7 cfu/g during pre-monsoon, monsooon and post-monsoon, respectively. The bacteriological quality of fish from both captured and cultured sources did not comply with ICMSF standard. Pathogenic bacteria E. coli, Salmonella spp., Shigella spp. and Vibrio cholerae were also detected from both captured and cultured O. pabda. The findings of this study indicated that the fish collected from the local fish markets were contaminated with different pathogenic bacteria that reflect the unhygienic conditions of the markets.
INTRODUCTION
National economy of Bangladesh has been blessed with the contribution of the fisheries sector. Currently Bangladesh has been ranked as the third in inland open water capture production and fifth in world aquaculture production with a total production of 42.77 lakh MT in financial year 2017-18, where contribution of aquaculture is recorded as 56.24% of the total fish production (DoF 2018). A total of 253 freshwater fish species have been recorded from Bangladesh (IUCN 2015) , which belong to 55 families. Of these over 150 species have been classified as 'small indigenous species' (Kostori et al. 2011) . This 'small indigenous species' group of fish played important role as source of protein, calcium and minerals to the daily diet and was identified as a substantial income source for the small scale fishermen (Islam 2011). Disease outbreak due to different microbes and others parasites is one of the major problems that affect the quality of the aquaculture production (Tuan et al. 2013) although some microbes are beneficial for them. For specialized bacteria that are beneficial for their dietary life style, the host provides a niche; in return intestinal microbes provide exogenous nutrients and extracellular enzymes, fatty acids and vitamins which are not available to the host (Dehler et al. 2017) . They also contribute to the digestion of complex food materials. According to Austin (2006) an established community of microbes is able to reduce the growth and proliferation of pathogenic bacteria and play a key role in disease control.
Due to their soft tissue and status of the aquatic habitats, fishes are susceptible to microbial contamination which degrades the quality of fish (Francoise 2010) . Quality of a large amount of fish deteriorated every year because of the growth and activity of pathogenic bacteria (Noor et al. 2013) . The spoiling activities by specific bacteria mainly depend on fish type and chemical composition of fish, feeding habits, the area from where the fish has been harvested and also the types of fishing gear used during harvesting (Francoise 2010) . However, fish can also be infected from outside environment during careless handing of the fish species, its packing, storing and cutting but major external sources of bacterial contamination are ice and salt. Pal et al. (2016) reported that crushed ice usually carried heavy bacterial loads and responsible for the bacterial diseases of fish.
Pathogenic bacteria such as Vibrio spp. Shigella spp., Salmonella spp., Streptococci spp., coliforms, Clostridium spp. and Staphylococci spp. which enter into the fish from their habitat or during fish transportation and storage have been reported to affect fish health (Elham 2017) . Food borne disease like diarrhoea, typhoid, fever, salmonellosis, shigellosis, cholera and even some neurological diseases reported to be caused by the consumption of microbiologically spoiled fish (Snowdon et al. 1989) . It is recorded that 80% of all illnesses are associated with poor microbial quality of which the major diseases are actual cases of food borne diseases (Okonko et al. 2008 ). According to Begum et al. (2015) , uncontrolled and irregular use of antibacterial agents in aquaculture systems is also responsible for the occurrence of the multiple antibiotic resistance traits among the fish pathogens.
Ompok pabda, popularly known as Butter catfish (locally known as Modhupabda), is a small indigenous catfish belongs to the family Siluridae of the order Siluriformes (Banik et al. 2012) . This fish species is considered as one of the most delicious, nutritious and demanding to people of Bangladesh. However, improper handling, poor icing and bad trading practices have been reported as the factors that negatively impacted the fish quality and considering the reasons, some fish species are unable to reach the consumer demand (Duarte et al. 2014) . Also the water quality of both naturally flowing water and culture pond is different, bacterial loads in two different systems may vary and needs to be determined. Therefore, this study was attempted to enumerate the bacterial load and to isolate the pathogenic bactera in the gut of captured and cultured Ompok pabda collected in three seasons from two fish markets.
MATERIAL AND METHODS
Collection of fish samples: From two different selected sources. Captured fish were collected from 'Kawtoli Bazar' (23º.9563'N,91º.1140'E), very close to the freshly caught fish landing site known as 'Kawtoli Nowka Ghat' and cultured fish from 'Anondo Bazar ' (23º.9760'N,91º.1124'E) where fish were brought from nearby fish farms from Brahmanbaria district, Bangladesh (Fig. 1) . Fish specimens were collected at the early morning during three seasons -premonsoon (January-April), monsoon (May-August) and post-monsoon (September to December) from July 2018 to June 2019. Five specimens of the study species were collected at each season for analysis. Sample preservation: Collected fish specimens were preserved in sterile polyethylene bags which were installed with sufficient ice-block to keep the temperature between 4 and 6ºC. Then transported to Dhaka and kept in refrigerator for short time preservation. On the same day, the collected samples were carried to the microbiological research laboratory at the Department of Microbiology, University of Dhaka, for further analysis.
Preparation of sample: First, 10 g of fish sample was taken aseptically by sterile knife from gut of fish and measured by weighing balance. Then the sample was mixed homogeneously with 90 ml of saline water in a stomacher lab blander. The sample was shaken properly for homogeneous suspension. Then the sample was transferred to conical flask and sealed. The homogenate solution gave 10 -1 dilution which was called original sample stock. Later, 10 folds serial dilutions (1 : 10) was prepared up to 10 -5 for each fish sample following International Standard Organization (ISO 1995) .
Microbiological analysis: Bacteriological parameters for the study fish samples were -quantitative and qualitative analysis of total viable bacterial count (TVBC), total coliform counts (TCC), total fecal coliform counts (TFC), Salmonella spp., Shigella spp. and Vibrio cholerae. Different selective culture media were used for growth, isolation and identification of different bacteria. Nutrient agar media were used for TVBC. For coliform bacteria MacConkey agar medium was used where typical pinkish and centrally red colonies were considered to identify total coliform. For the growth of fecal coliform (E. coli), mFC agar medium was used in which blue colonies were counted as TFC (E. coli). XLD agar medium was used for the growth of Salmonella spp. and Shigella spp. In XLD medium small sized black colored colonies were counted as Salmonella spp. and red colonies were counted as Shigella spp. Vibrio cholerae was isolated by using TCBS media in which V. cholerae showed small size yellowish colonies.
Microbial count: Microbiological analysis was carried out according to the Bacteriological Analytical Manual (2018). Quantitative analysis of bacterial load was made by standard plate count (SPC) techniques and 1ml of the diluted solution (10 -2 to 10 -5 ) from each sample was taken and inoculated on each plate containing selective culture media. Solution was spread through glass spreader. All plates were incubated at a definite temperature for 24 hrs before colony isolation and enumeration. The counting was calculated by using the following formula and expressed as cfu/g. cfu/g = No. of colonies on Petri dish × dilution factor × volume of total sample solution wt. of fish samples (g) Statistical analysis and interpretation were done by using computer software: Microsoft Excel.
RESULTS AND DISCUSSION
Bacterial loads were enumerated from gut of the fish samples collected from two different sources in three seasons. Freshly captured Ompok pabda from the river was collected from Kawtoli Bazar whereas the cultured O. pabda from fish farms was collected from Anondo Bazar to compare the seasonal variation of bacterial loads. The mean of total bacterial load was calculated as mean log cfu/g ± Sd. Mean of the total viable bacterial count (TVBC), total coliform count (TCC), fecal coliform (E. coli) count (FCC), Salmonella spp., Shigella spp. and Vibrio cholerae were enumerated and presented in Figs 2 and 3. 
Vibrio cholerae
The mean log values of TVBC determined for both captured and cultured fish were 7.261 ± 0.256 and 7.467 ± 0.120. The mean log value of total coliform (TC) for captured fish was 5.612 ± 0.562 and for cultured fish it was 5.244 ± 0.1.441. The mean log value of fecal coliform (E. coli)) for captured fish was 5.102 ± 0.239 and for cultured fish was 5.361 ± 0.205. The mean log value of Salmonella spp. for captured fish it was 3 ± 0 and for cultured it fish was 4.426 ± 0.244. The mean log value of Shigella spp. for captured fish it was 4.763 ± 0.761 and for cultured fish it was 4.617 ± 0.664 (Figs 2 and 3) .
This study enumerated bacteria from the gut of the fish species. Maya et al. (1995) also identified the microorganisms in the digestive system of fish and also reported that living fish usually harbor some common Gram negative facultative anaerobic bacteria in their gut throughout the year. Bacteria present in the gut region are not always harmful, some of them are beneficial to their fish host, and play a significant role in the digestion, metabolism and nutrition of the fish.
However, high bacterial load decreases the quality of fish quickly which spoil the food product and is responsible for different microbial diseases, which was also reported by Hossain et al. (1999) . They found that the bacterial strain isolated from intestine are found positive in proteinase test, catalase activities. This property indicated that most of the bacteria are associated with spoilage activities thus contribute to the quality deterioration. Contaminated food by different pathogens may harbor virulence genes which are responsible for disease outbreak (Noor et al. 2013) .
In present study, bacterial load in captured and cultured fish was found highest in the monsoon season and lowest in pre-monsoon (Figs 1 and 2) . This may be due to slightly higher temperature in monsoon than the other seasons. Duarte et al. (2014) aiso reported that the bacterial population grow higher during monsoon due to availability of more nutrient and favorable temperature in water during monsoon. Hossain et al. (1999) also found highest bacterial load in the monsoon (July) and lowest in pre-monsoon (January) which supports the findings of this study. FAO (1979) described that Salmonella spp., Shigella spp., Vibrio cholerae and other enteric pathogens may not be found as these microorganisms are not the normal flora of the fishes or their environment. According to the guideline of ICMSF (1986) acceptable limit of total viable bacterial count for fresh and frozen fish is 5 × 10 5 cfu/g for good quality. TVBC count above 5 × 10 7 cfu/g and fecal coliform count above 5 × 10 2 cfu/g are unacceptable and Salmonella spp. and Vibrio cholerae should be absent. According to FSAI (2001) for the microbiological Quality of some ready to eat food acceptable limit for Enterobacteriaceae range from 10 2 to 10 4 cfu/g, for E. coli range from 20 to 100 cfu/g whereas Salmonella spp., Shigella spp. and Vibrio cholerae may not be detected in 25 g.
In this study, the mean log values of TVBC for captured and cultured fish were found 7.26 ± 0.256 and 7.467 ± 0.12 (Fig. 3) . Leiva et al. (2017) also observed the similar result in their study. Their findings were 5.14 ± 0.71 (mean value) for wild flounder (WF) and 5.49 ± 0.59 (mean value) for aquaculture flounder (AF). All the samples in this study contained higher bacterial load which did not comply with the acceptable limit of ICMSF (1986). As they contained higher bacterial load so the bacteriological conditions for both captured and cultured fish were not so good. The TCC and fecal coliform (E. coli) of both captured and cultured fish in this study did not comply with the acceptable limits of FSAI (2001) . The pathogenic bacteria E. coli, Salmonella spp., Shigella spp. and Vibrio Cholerae were detected during this experiment (Figs 1, 2 and 3). But ICMSF (1986) showed zero tolerance of Salmonella spp. and Vibrio Cholerae in the fish and fish product. Presence of pathogenic bacteria in fish can cause intestinal disease like cholera, diarrhea, salmonelosis and shigelosis to the consumers. The pollution of aquatic environment by different external sources can be considered as responsible factor for the contamination besides poor quality fish handling (Hossain et al. 1999 ).
Presence of coliform and fecal coliform in studied fish indirectly indicated the contamination of water and also mishandling during processing and storage. E. coli is used as an indicator organism of contamination when present in small number or as an indicator of mishandling when appeared in large numbers (Silliker and Gabis 1976) . In local market, fish can be contaminated as different fish are kept together and do not maintain hygiene, also seller use ice which are prepared by using contaminated water (Hossain et al. 1999 ). However, Salmonella spp. in aquaculture products mainly originated from the environment rather than poor standard of hygiene. This study reported more Salmonella spp. count in fish samples collected from culture source. Pathogenic strain of E. coli carry health risk to consumer and non-pathogenic strain E.coli carry alarming signals on fecal contamination (FSAI 2001) . Salmonella spp. and Shigella spp. are highly pathogenic (Silliker and Gabis 1976, Hossain et al. 1999) and their presence in fish sample revealed that microbial quality of both captured and cultured fish were unacceptable. According to Geetha et al. (2014) E. coli and Salmonella spp. can survive for very long period of time in tropical water and once introduced may become adaptable to new conditions favoring the growth of microorganisms in the environment. So, proper care should be taken to avoid contamination of fish products during handling, processing and preservation.
The results of present study revealed that the presence of bacterial population in captured and cultured O. pabda were found to be higher than the acceptable standard limits by ICMSF, FSAI. So the required bacteriological quality of captured and cultured study fish was not satisfactory. Contaminated food is the source of food borne disease, therefore proper processing procedure and cooking methods of fish should be followed before consumption. It is recommended to ensure standard and quality production, good aquaculture practice, HACCP principles and good hygienic practices should be followed during fish production, handling, icing, post harvest processing and storage. However, more researches on microbial load in intestine of host fish are required to identify bacteria up to species level to understand the composition of fish gut microbiota and their roles in digestion.
LITERATURE CITED

